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This fabrication plaa describes the fabrication techniques established in 
base I and 11 of NASA Contract NAS8-20533 ( C o n t r o l  IBO. 1-5-30-12546 lF) 
to fabricate two  ful l -scale  Y-Ring segments fo r  the S-1C fzrel tank, 
Figure 1. 
evaluation progmA for  the full-scale Y-Ring sepents. 

A l s o  included i n  this report is an ins-xction and t e s t  

This contract is s-mnsored by the Manufacturing Ehgineering Laboratory 
(R-MEIS)  of the George C. Marshall S2sce FUght Center. 
is  under the technical direct ion o f  Mr, Paul H. Schurer, Technical Frogran 
Manager. 
Aviation, Inc., is Mr. Josegh Melilf and Mr. Carl J. kser, respectively. 
Others who zarticigated i n  the progrm snd the  Impara t ion  of this report 
are: 
Bonding; R. fiohrberg and D. krvey ,  Tool Design; L. Ecker, Machining; 
F. Koeller and J. Teeter, Forming; L. F a n e l l i ,  Leaching and Chemical 
Mill ing;  J. Greenspa, Gary Keller, J. Riordan, Metallurgy; Wilson Kearns 
and K. McDonald, Ibu fac tu r ing ;  F. Janney, C. Phi l l ips  and J. A3ussell, 
Qual i ty  Control; and A 1  Schanhaar, Industrial Engineering, 

The progrsn; 

The Prom f&nager and Pmjec t  hknsger for North American 

T. E. D e W i t t  PmJect Eugineer; P. Miskulin and R. BlllILken, D I f f i 6 i O n  

FIGURE 1. 
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Y-Ring Yabrication Sequence Flow Chart 
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Y-iiine: Pack Lay-U$ Drawini; 2623-006 
Clean Ared and Lay-u~ Rmn! 
Develo,mental Pack Lay-U- Detsi ls  
Developmentdl Pack Detall  Stack-U;: 
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United 2 t a t e s  Stee l  160/210" Rollln., Mill 
D e v e l o p e n t a l  Pack Prior t o  i3olliw 
13eveloeTiental Pack A f t e r  R o l l i ~  
Flame Cutti- i levelopental  Pack 
Develo,lmental Pack Cross-Section 
Machine T r i m  f r for  to Forming 
Machined Developmental Pack Flange Radii 
Machined Develo:-mental Pack Flange Radii 
I-Riw, Hot Contour Foxmine; Concept 
Y-Ring, Hot Contour Forming Concept 
Hot  Contour Forming D i e ,  D r a K i q  2623-201 
Hot Sizing Pressee a t  W/LAI) 
Double Contoured Developmental Pack 
Handliw Fixture, Drawing 2623-202-1 
Handling Fixture, D r a v t n g  2623-202-2 
12 Ton Mobile Crane a t  N A A , h D  
Developmental Pack Kith Pockets Machined 
Cozpletely Processed Sub-scale T-Riw Segueat 
Inspection snd T e s t  Evaluation Program 
Inspection sign O f f  Record ( m p l e )  

Y-Rln; I ~ s ;  n i)m~i.n;: 2623-005 
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It i s  the 3urpose of this nrograrn to perfom liese3rch and Development for 
the Fabrication of a Tltaniun Y-RiW S e p n t .  
w i l l  be #e fabrication am2 evaluation of two (2) Full-Scale Titanium 
Y-Ring  Segments. 
2623-005 (Figure 2), and w i l l  be nondestructively tested; with one com;.lete 
sepent  being ship_* to !43FC 3ad one segment being destructively evaluated 
by WAA. 

FJWUCA!~!IOR SQUZNCE 

The f inal  requirement 

These s e p n t s  w i l l  be fabricated to IWl Drawing IRO. 

It i s  Flanned to ut i l i ze  processiw techniques for diffusion bonding, 
machining, hot form%, t h e m 1  treetnent,  steel tooling rexoval leaching), 
and surface clean-up (chern-nilling) devclo2ed during Phases I snd I1 of 
the program(rep0rted in aA-66-104)for the fabrication of tu0 (2) U- 
Scale Y-Ring d e p n t s  in Phase IiL. 
flow chart shoviw the maJoor fabrlcation operations planned for the full-scale i 

succeeding paragmpha . 1 

Fib- (3) is a fabrication sequence 

I 
1 segments. The fabrication operations are outlined below and described in 

J 
4 1. Praductlnn PlmnnFna 

L.  

3. 
4. 
5.  
6 .  
7. 
0. 
9. 

Pack Iay-Up and Seal 
Roll Diffusion Bond 
Yoke and Cover P l a t e  Rtmrval 
Ins,pct ion 
Machine Flange EUUi 
Hot Contour and Duplex Anneal 
Machine Pockets 

A l l  parts and arrsembliee will be individudly plaMed to establish the 
use of tools, equipent, mquence and schedule of manufacturing anb inspeetio 
operatione required to complete them in the most economical m e r .  
pmductlon order'lsmed by planning I s  the authorizing document for all work 
perfonned by manufacturing. 
used to set  up an EDP r e c o d  for reporting and contml (SCAR entry), delete 
materisl from inventory, control the location and nopement of w r t s  and 
material, form a permanent Inspection record, and other special requirements 
dictated by program requirements. Estimated hours and schedule are included 
on each production onler. 

'phe 

Copies ere This order i s  produced i n  s e t s .  

See Figure (4)  for a tnical pmduction order. 

MATERIAL Fsommmm 
Orders have been placed for  the p-ocurunent o f  all the materials required 
for the fabrication of the two (2) Full-Gcale Y-Ring Segmentr, 
8 A l - U b - l V  titurium defailr have been ordered irOm Reactive Metals VLth a 
schedule delivery date of 25 February 1966. 
purchased per l(AA/LAD ~ c c 8 u  Spcclficstion uB0170-177, and after receival, 

'l!be 

Thir matcrLal l a  being 

0 

1 d 
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Location 

these de ta i l8  will be sent to the M i l l  Polishini; Conpany for  removal of 
n i l1  scale and grinding t o  y c k  lay-u? dlaensions. 

ASP4 A-7 steel yoke rraterial for encasing the pack de ta i l s  bas been 
oxdered from United Sta tes  Steel. This material order consists of two 
p l a t e s  9 inches thick x 44 inches wfde x 160 inches long. A f t e r  receival, 
a :lug 9 inches x 20 inchesxlbk inch68 will be flame-cut f m m  the center 
of each &late leaving a mugh yoke deta i l .  
gmund to a finished pack lay-up thickness and the internal cavity of each 
will be machined to find -pack lay-up dimensions. 

The internal  supprt  tooling and the cover p l a t e s  are also AS'LM A-7 
s t e e l  material and these d e b i l s  have been pmcured from various local 
sup;;liers. 

'Beme p k e s  w i l l  then be surfece 

lhese de t a i l s  a r e  being inspected by HAA/IAD receiving inspection. 

"able I presents the weights of the individual details for one full-scale 
2ack. 
reduction of weight as fabrication progresses. 

Also tncluded is the corrpletely assembled pack wight, and the 

PACK LAY-UP AND SEAL 

Figure ( 5 )  shows the pack assembly drawing fo r  the lay-up and sealing 
of the sacks. 
" R o l l  Diffusion Bonding of Y-RiW" w i l l  be used for lay-up and roll  d i m s i o n  
bonding. 

This drawing and Process Specification 2623-007 en t i t l ed  

Tht lay-up of  the two full scale T-Ring packs will be accomplished in 
the large clean room, Figure ( 6 ) ,  located in Building 92 of W/LAD. 
This mom is air-cooled, and the a i r  is filtered and dehumidified so that 
clean, mieture-free de ta i l s  can be realiably asse3bled for  bonding. 

Cleanin& 

The titanium d e t a i l s  for the two packs Kill be individually cleaned 
br flash chem-milling per NAA/LAD Process Specification LAO103-003 
prior to lay-up assembly. 
p la tes  w i l l  be bbraaively cleaned and solvent viped prior to lay-up assembly. 

&%%Ling equipment, including portable hydraulic lifts, lift trucks, 
and lb,OOO pound overhead bridge cranes, is available for hndiw Llc 
individual pack de ta i l s .  

The steel de t a i l s  including the yoke and cover 

Tfie pack arecmbly sequence is ent ic ipat td  a s  f o l l o w s :  

1. 
2. 

MIG weld bottom cover p l a t e  to yoke. 
Position yoke on a reinforced dolly w i t h  vheels under the 
14,000 pound bridge crane in the clean mom, Figure ( 6 ) .  



N O I T Y  AYEBfCLB AVlATtOI .  IBC 1 LO$ ANCfLfS O l V l S t O I  

e 
m-66-87 
2-u-66 

Ex;’sernal Steel  Tooling - 

Yoke 
Cover Plate 

-10 filler bar 
-11& -12 f i l l er  bar 
-13 f i l ler  bar 
-14 t n n i  -18 f i l ler  bar 
-19 f i l l e r  bar 
Shim Stock 

T i t a n i u m  Details 
-1 flange 
-2 doubler 
-3 ring 
-4 & 3 face sheet 
-6 thru -9 rib 

m PACK WEIm 

Internal Steel  Tooling 

e 

$75 
5638 

97 
734 
577 
510 
1040 

184 
25 

16 1 
175 
26 

Peck U t .  A f t e r  Flame Cutting 

Pack Ut. A f t e r  Cover P l a t e  Raaonrl 

Wt. A f t e r  R e a r a r a l  of Internal Tooling 
(Except -14 thru -Is) 

Wt. A f t e r  Flange Machining & Length *tm 

Ut.  After Pocket lkchining 

Y-Ring Ut. After Leaching 

Y-Ring Ut. After C h e m - M i l l i n g  

TABLE I 
TABLE OF WEIcEPrs 

9,675 
11.275 

97 
1468 
577 
2550 
1040 
100 

18L 
25 
161 
350 
104 

2 7 7  
12,600 

6,OOo 

3,314 

3,145 

1,402 

512 

480 
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3. Place d e t a i l  parte inside the yoke as  shown in the pack rssecbiy 
drawing, Figure ( 5 2 .  
much the same manner as t ha t  of the develo?mental packs with t h e  
exception of s i z e .  ) shows the deta i l s  for  asserbly 
of one of the developmental packs. Figure ( 8 ) shows the 
t i t a n i m  snd steel stack-up without the surrounding yoke, and 
Figure ( 9 ) show the pack pa r t i a l ly  assembled. 

This assenbly *-ill be accooplished Ln 

F 1 - m  ( 7 

4. M G  weld the to? cover plate  to the yoke. 

Handling of the assembled packs w i l l  be accomplished with 17 ton l i f t  
trucks. 

ROLL DIFFUSIOE BOND 

The roll diffusion bonding will be accomplished s t  e i ther  the Bethlehem 
Stee l  Mill i n  Sparrows Point, Maryland, or the United States  S tee l  XI1 
in 1Jary, Indiana. Both candidate s t e e l  m i l l s  have t h e  f a c i l i t i e s  a,?d 
the capabili ty to roll the ftiil-scale packs and price negotiations are 
t o  be completed pr ior  t o  the f i n a l  r n i l l  selection. Figure (10) 
shows the Bethlehern Steel  160" Lhigh  reversing r n i l l  snd Figure (11) 
shDws the United States  Steel  160/210 inch ? la te  m i l l .  

Shiment to 3ollinz M i l l  

Each pack, as assembled, w i l l  ineasure 14-1/2" x h4" x 160" and w i l l  
weigh approximately 28,000 pounds. Various neam of  t ranspor ta t im have 
been considered f o r  s h i p e n t  of the two full-scale packs to the selected 
rolling mill. These include railroad car, motor truck, and a i r  f re ight .  
R B i l r o a d  car requires fro= 10 to 14 days one way back to the ro l l ing  m i l l  
a t  a cost  of appmximately $650 per pack. 
prohibits this long t r ave l  t i m e .  
t r ave l  t i m e  vas excellent, however a chartered plane a t  R cost of $11,OOO 
per pack prohibita t h i s  method oftransportatlon. 
5 to  6 days t rave l  t i m e  f o r  approximately $650 per pack. 
transportation is considered optimum and is anticipated for use. 

The fabrication schedule 
Air freight was considered, ard the 

Motor truck requires 
T b i ~  mans of 

Rolling 

Each pack will be heated to a rolling temperature of 1835'F. 
total heat-up and soak time of 15 hours minimum is anticipated and each 
pack will be continuously evacuated during heat up t o  a minimum temp- 
erature of l600.F. 

A 

Upon completion of the heat-up and soak t i m e ,  each pack w i l l  be rolled 
to the finished gage i n  appmxknately 5 minutes. 
i s  anticipated vhich will increase the pack length approximately 
t r?c' timer. Figure ( 12 ) 8hows a developmental pack pr ior  t o  
mlllng and Figure ( 13 ) shows the same pack after rolling. 

A 66.5 percent reduction 

9 
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Flaw Cuttlq 

A f t e r  rolling, the steel yoke w i l l  be flame cut away f r o m  the rolled 
titanium structure and t h e  outer cover pbtes v i l l  be ~nechanicslly 
remved. 
percent. 
on one of the developmental packs. 

!this will reduce the weight of the packs approximately 88 
Figure (14 1 shows the flame cutting operetion being performed 

Shipment to W/W 

Each pack will measure 2-1/2" x 21" x 421" and will weigh approximately 
3300 lbe. for shipment back to IVAA/LAI). 
the transportation method at E cost of spproxinately $600 per ,pack. 
This w i l l  expedite the succeeding fabrication operations. 

Air freight is anticipated as 

Dlmenaional 

Both ends of each pack will be trimmed and a cross-sectional specimen 
similar to that shown in Figure (15 
steel tooling remved fo r  accurate dimensional meaeuremcnts which w i l l  
be compared to the design drawing No. 2623-OO5. 
be recorded and submitted in the final report. 

) vill be polished and t h e  i n t e r n a l  

Iheee xeasurements will 

Metallurgical 

Metallurgical specbens will be cut f r o m  various rib-to-skin snd flange 
locations i n  the pack tric areas and examined metallographically. Bond 
quality will be inspected and any evidence of contamination, metallurgical 
phase tmnsformatlon, or notched joints w i l l  be recorded and submitted 
In the f inal  npol-t. 

Physical Properties 

Chemical analyses w i l l  be conducted Using spccimcne taken from the trim 
endrr of csch pack to determine the i n t e r r t i t u a l  pick-up o r  nitrogen, 
hydrogen, carbon, aod oxygen by the titanium material during the roll 
diffusion bonding proces8. 
i n  the final report; 

Data f r o m  these examination6.will be submitted 
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FIGURE 15. DBELOPMDITAL ?ACK CROSS-SEZTIOR 



MACEINR?G M G E  WII 

b c a t i o n  

XAA/LAD bas t b C  facilities, equipment, c a p b i l i t i e s  and experience to 
porfonn the required machining operations on the Y-Ring segments after xm 
bonver &e to the projected wrk load fo r  this  equipment, it i s  anticiptr 
that an outride machine shop perfom the required rnschining operations. 

Handling 

For flange machining, the part will be f l a t  and the exposed surfacer of 
t i tanium will be protected during handling. Wooden skids are anticipated 
f o r  use and conventional l i f t i n g  equipment will be employed to a s s i s t  
transportation by NAA truck to snd fmm a selected machine shop. 

Three machine operatlone vlu. be performcd on the ~ - s c a l c  Y-Ring stCpeenh 
prior to folming while the p a r t  is i n  the flat condition. 
cmsa section of a Y-Ring segment and the t r i m  areas are shown i n  Figure (16) 
A 12 inch radius cut s i m i l a r  to that shown i n  Figure ( 17 ) will make the 
flange runout tangent to the inner akin of the rib-stiffened area. 
0.38 inch radius similar to  tibat shown i n  Figure ( 18 ) w i l l  eliminate the 
sharp corner resul t ing fmm m l l i n g .  
on the fZangc are to be 1/8 inch apart. 
With the hot contour forming d i e  and will maintain the proper croeetctional 
dimension i n  the machined ama. 

!be fbll-scale 

A 0 
’r”te tangent rJointr of both mdii 

This Vill a s m e  proper fi t-up 

Zhe tage trim will be left 1/4 inch overrize t o  a s s u n  pmper assembly fit-ug. 

HOT C O m  AND DUPLM ANlqEAL 

Concept 

Each I - R l n g  seepacnt will be contoured to a 198 inch radius. Several mctbod 
were d u a t e d  for accomplishing t h i s  ta.k w i t h  an incremental b t  fom/size 
technique being selected as the  most prac t ica l  and most economical fo r  t h i s  
particular development effort. 
forming concept. 
contouring die, tbe formed part will a i r  cool f a s t  enough to obtain the  
duplex anneal properties desirable for nibsequent veld joining. 

F f g u n  (19) and (20) sbow the incremental 
It i s  also anticipated that upon e x i t  fmm the  hot 

16 
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Process SuD-mrt kcilsnisrns 

Rot Contour Forming Die 

The hot contour forming 
machined meehanite t o o l  
hi@ strength a t  145OF, 

e623-201 

d ie ,  Figure (21),  is a mated, ca s t  and 
6 f e e t  long, capable of maintaining 
and mounted i n  the exis t ing SherLdan-Gray 

hot-size press a t  W/W Figure (22). Eesentisl ly,  t h i s  t oo l  
consis ts  of 3 zones described w i t h  t h e i r  operation a6 follows, 
1) 18-incnes of lead i n  which conforms t o  the cross-sectional 
shape of' t h e  flat nnd s t ra ight  ?art. This zone accomplishes 
align?lent and pre-heating f'unctions for forming in t h e  subsequent 
two stages. 2) 13-inches of ramped t rans i t ion  of t h e  .2& 
inch thick flange from f l a t  to the 13" fonned u? position. 
3) 36-inches of l@ inch contour fo r  the ?ar t  body and f'lange 
conpletes the  d i e  configuration. 
feed the &part f r o m  mne 1 into, and through, zones 2 and 3 i n  
approximately 6 inch incremental advances w i t h  a forming load 
of 300 ton azplied for about 10 minutes following each advance. 
The en t i r e  t oo l  is heated t o  lb5OF by conduction from the hot s i z e  
Dress which has u3Der and lower h e a t i w  plat tens  capablp of 
achieving 1350F. 
part has been demonstrated 36 shown i n  Figure (23). 

It i s  planned to increaentally 

The double contouring of a smaller (40 inch) 

Handling F ix tu re  2623-202-1, -2 

This f ix ture ,  detailed i n  Figures (24)  snd (25), i s  designed as a 
multipurpose uni t  specif ical ly  for  t h i s  proJect. It will perfom. 
i n i t i a l l y  a6 a receiving f ix ture  for  receiving the Y-Ring segxrent 
as it progressively mves out of the hot contour forming die .  
The f ix ture  w i l l  be attached to the concrete floor with Isg b o l t s  
to hold It i n  position. Since the formed Y - R i n g  segment w i l l  
come ou t40f  the forming d i e  in to  a v e r t i c a l  position, a %bile 
crane, Figure (26), with a 40 foot  boom and a cable vi11 be 
required to l i f t  it i n t o  the vertically-mounted fixture. 
cable vill run through guide r o l l e r s  i n  the f ix ture  and'be 
attached t o  the leading end of the Y - R i n g  segment with a bolt-on 

The 

P i t t i n g .  

On completion of the forming operation the contoured Y - R i n g  w i l l  
be neeted in the handling f ix tu re  and hold in place w i t h  clamps. 
The l egs  supporting the f ix ture  w i l l  then be removed and four 
large casters  mounted on the cro6s bars. The fixture w i l l  be 
lowered down on the casters  in to  a horizontal  position. 
then perform as a rhipping f ix ture  to safely move the contoured 
Y-Ring regment to the various locations required fo r  the subsequent 
machining, leeching and chen-milling o p r a t i o n s .  Finally the 
f ix ture  w i l l  be used a s  a cradle f o r  shipping the com2leted 
part t o  MSFC. 

It  w i l l  
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FIGURE 22, HOT S I Z m  PRESSES AT XU 
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Contour 

The 196 inch contmur of each fornaed P a r t  w i l l  be inspected using a 12 foot 
template w i t h  a 1 9  inch curvature. 
be measured and submitted i n  the f inal  mport. 

Any deviation f m m  this curvature w i l l  

After hot  contour formin;, it 5s ant ic ipated tha t  a section of t h e  titsnlum 
st ructure  w i l l  be trimed for  duplex a n n e a l i q  in spx t ion .  
notch t ens i l e  specimens (ST-16) w i l l  be used fo r  notch t e n s i l e  t e s t ing  o f  
the titanium material. 

NASA sharp 

Lxa t  ion 

A f t e r  contouring, one f'ull scale Y-Ring segment w i l l  be sent  to an outside 
r.rachiLe shop fo r  pocket machining. !The machining will be accomplished 
w i t h  standard mill ing equipment and w i l l  reduce the overal l  weight of the 
-ack from 3100 pounds to 1400 pounds. 

Trans-mration 

Transportation of the part  t o  the mchine shop w i l l  be accom3llshed by 
North Americsn truck using the  receiving and handling f ixture ,  Drawing 
No. 2623-201-1, -2, to p o t e c t  the ?art. 

Yichining 

I t  i s  ant ic ipated that the  128 stiffener ,pockets be machined an a ho r i zon td  
boring mill. 
i s  horizontal. 
Y-Ring on an ertension of tht machine bed. 
be in the horizontal direction. 
peck vith the pockets machined. 

The Y-Ring segment will be mounted so that the  plane of t h e  a r c  
This permits support of the overhanging portions of the 

Cutting of the pockets w i l l  
F i e  (V ) s h o w s  a developmental 

Location 

The steel tooling w i l l  be leached f r o m  the f'ull scale part aftcr pocket 
mtschlning by en outside vendor. 
based on past experience and available f a c i l i t i e s ,  as well ae price and 
schedule. 

The select ion of the vendor w i l l  be 



Trans w r t a t i o n  

hgnsportation of the g a r t  to the selected vendor will be accomlished by 
North American truck using the receiving and handling fixture,  Drawing &. 2623-201-1,-2 t o  Grotect the part. 

Leachis 

The s t e e l  tooling encased i n  t h e  rib-to-skin s t i f feners  will be removed 
by chemical leaching w i t h  n i t r i c  acid. The full scale part, after 
pocket machining, w i l l  have 128 s t i f feners  v i th  s t e e l  encased betwen 
the ribs and the skins. 
900 pounds. T i m e  required d e e d s  upon temkperature and concentration 
rcaintenance, surface srea ex?osed, removal of reaction products f r o m  the 
surface, and passivation reactions. Recirculation of acid i s  preferred 
t o  remove reaction :~roducts and t o  bring active solution i n  contact w i t h  
the iron surfaces. A s ta r t ing  n i t r i c  acid concentration of approximately 
50$ st  150°F i s  anticipated. The temperature will increase w i t h  reaction 
t o  ap?mximately  OF. 

The total steel weight to be removed is approximately 

Chem-Milling 

The final fabrication operation f o r  the fill-scale Y - R i n g  segment w i l l  
be the removal of any ourface contamination on the titanium resulting 
fmm the ro l l ing  and hot contour 'forming operations. 
accomplished by chern-milling per m/W> Process Specification LAO103-003; 
homer,  an i n i t i a l  g r i t  b l a s t  may have to be employed prior  to chem- 
milling t o  succesrfully removed the rurface scale resulting f m m  the  
mUing and hot contour fonning. 
processed dweloppental pack. 

This is t o  be 

Figure ( 28) shows a completely 

One EW1-ScaI.t Segment 

A f t e r  conpletc fabrication procesoi~ig, one Full-scale T-Ring s e m n t  will 
be non-destnrctively inspected pr ior  t o  shipnent t o  W E .  
wil l  include visual, penetrant, dimensional, and as mlled ultrasonic 
examination. 
pbysical, and metallurgical pmpcrties. 

'Ihis inspection 

T r l m  material in>m this segment Vi11 be examined fo r  mechanical, 

Evaluation of Sections 

TLtc second T-Ring regnent Will be cut  up i n  sections for destnrctive 
evaluation. 
evaluation, mechanical properties, and phyrical properties. Comparisons 
of the  two Y - R i n g  reg;ments wi l l  be msde anb a cormlat ion of destructive 
and nondestruct ive t e r t e  will be made. 

Thir evaluation MU. include dimensional checks, metallurgical 

28 
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SHIPMfarp 110 MSFC 

Shipment of the fldl-rrcale Y-Ring to MSF'C w i l l  conform to the most 
economical method acceptable to the c o m n  carrier, which will BS).UIY 
fufe srrd proper delivery to destination. The handling fixture %23-2cM-l.,- 
shown in Figure (24) and (25) is anticipated for use as a shipping fixture, 
and the 8hlpncnt w i l l  be conducted in accordence with Article X in M A  
Contract €$o. EAS8-20533 entitled "Research and Development for Fabricating 
a Simuhted Titanium Alloy Y-Ring Segment fo r  the S-1C &el %nk". 
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II&sPFlXIOR lulD 'EST EVALUATXOA PROGRAM 

A quality assurance proipm tbat encompasses all phases of optration 
for the development of the Y-Ring segments, including in-pmcess, as 
and end item inspection and tests necessary to assure that all materia 
equipment andserrlccs conform to contract drawings and specification 
requlranenk w i l l  be maintained prior to delivery to MSFC for acce 
Figure ( 29 ) outlines the inspection and test evaluation program for  pfiast =I. 

Upon Y33Ceipt of materid, the supplier's t e s t  reports and certifications 
w i l l  be reviewed for compliance with the Purchase Order and appucabfe 
material specification requirements. 
Order requirements, hcureinent Quality Control will ensure visual and 
dimensional confonnance with the applicable pmcurement specification. 
The uurfnce finish of the mattriel will be examined for required condition 
and evidence of discrepant surface imperfections. The length, width, 
thicknees, flatness, and straightness of the material w i l l  be determtned, 

Supplemental testing will be perfoxmed +A include: 

Upon compliance vith the Purchase 

Metallurgical Properties - The micmstructurk of the material vi11 
be evaluated by metallographic examinations. This w i l l  include 
examinations for evidence of ourface contamination and for basic 
microstructure. 
enrichment) will be measured and reported for subsequent process 
contml. 

'Ihe depth of the surface skin (oxygen and nitrogen 

--- chcmical A n a e e e  - Chemical analyses of each lot of materiel will be 
pcrformcd to de&- t h e  material'rr conformance wfth the tensile 
&perty requirements of the procurement specification. 

The steel raw material w i l l  be anslyeed to determine its chemical identification. 

MATERUL FmPARATIoFJ IAsPEC!rIOX - 
Subsequent to incoming mstcrlsl tests ,  the titanium and steel m w  stock 
w i l l  be prepared for lay-up. Materlal preparation includes the mill- 
pollehing and chem-mllllng the titanium to remove the brittle surface 
skin (orygen and nitmgen enrichment) and the machining of detail parts. 

material thickness before and after belt grimling of each surface. This 
v i l l  e m  that equal amounts of m a t e r i a l  i r  hmoved irom each surface. 
These measurrments w i l l  be re-checked by Source Inrpection. A f t e r  
mill-polishing, the titanium material will be chcm-milled to inowe  the 
rextrmd of the enriched k i n .  
acconhnce with Specification LAO103-003. A f k r  chem-milling, the  

miU-polishing, the supplier will be required to measure the 

The chem-milling will be performtd i n  
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plate  stock all be checked dimtnsionally by the supplier and ver i f ied by 
HAA Source Inepection. 
w i l l  be i n  aceoxdance w i t h  Specification LAO103-004 where applicable. 
After machining, the de t a i l s  will be inspected dimensionally for conformance 
with d.raving requirements. 

The machining of the titanium and steel de ta i l s  

P a  LIU-UP m m 0 N  

Prior t o  lay-up, each pack will be assigned an Inspection Record Book. 
See Figure (30) for a t m i c a l  record book. The specific processes and 
rnsnufacturing wthods ut i l ized  during fabrication of each eegmtnt will 
be maintained and recorded i n  the record book. The dimensional acceptance 
of the yoke cavity, t i tanium and steel de ta i l s ;  shin dimensions, and 
t h e i r  locations w i l l  also be recorded in Inspc t ion  Record Book. 
Inspection v i l l  ensure that proper cleaning, welding and leak checklng 
techniques used are in accordance with the requirements of applicable 
e s c i f  ications . 

- 

The mUlng m i l l  operations shall be conducted under the w e i l l a n c e  of 
NAA personnel. Theee o-rations vi11 include: 

Leak check and de-gassing of pack pr ior  to rol l ing 
Sealing of pack 
!Femperature contml  of pack before mlling 
Reduction during rolling 
Dintensions of pack after rol l ing 

The rolling mill shall submit w i t h  each pack the following information: 
(1) Tbc leak check results and any necessary repairs; (2) A description 
of the de-gassing cycle; (3) 
 he m u  temperature and nlmiber of reduction cycles; (5) 
of ttre rolled pack. 

A d e s c i p t i o n  of all heating cycles; (4)  
The dimensions 

l b d e e t m c t l v e  T e e t i q  Upon receipt  of the mlled T-Ring segments, 
tbe rolling data  will be reviewed and inserted into the designated 
Inspection Record Book. Thf diffusion bonded selpnents vill be visual ly  
inspected f o r  surface conditions and dimensionally inspected t o  drawing 
requirements. 
The r e su l t s  of these t e s t s  w l l l  be entemd In  &%e In8pection Record 
Book. 

The segments vi11 then be ultrasonically inepected. 
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Metallurgical Test inB - !Prim material w i l l  be cut f r o m  each p w t  
and metallurgically tested. !!he microstructure of each sement w i l l  
be exadaed f o r  evidence of contamination and core materiai for bas i c  
microstructure. The depth and nature of the surface contanination 
w i l l  be measured and reprted. 

C h e m i c a l  annlyses w i l l  be ,performed t o  determine any chenges i n  the chenlcaf 
corn,msition ae a result of the rollixq cycles. 

Sufficient tens i le  t e s t s  ~3.11 be performed to determine the tens i le  
3royerties of the rolled na te r ia l  and the bond strength of representative 
diffusion bonded joints.  
the Ine,action Record Book. 

R e s u l t s  of these tests w i l l  be entered into 

HOT C 0 " R  FORMING IEJSPEC!!FIOH -- --- -- 

l5oling Inspection - Prior t o  fabrication of the Y-Rin;; seshents, the 
handling fixture, hot formini; die, and the contour te:nplicte w i l l  be 
inspected for dimensional accuracy mii ap?mved p r i o r  to the i r  use. 

Tool Proof T e s t i q  - The tem;eratureunifonni$yof the dies  at p-ocessing 
tempemtures w i l l  be mnitored t o  prevent locsl ized overheatiw -md 
deterioration of  properties. 
will be determined by the placement of  sufficient, thennocouples i n  
the dies  and p r e s s  platens to neasure the temperature uniiunnity. 
Teqerature  surveys w i l l  be recorded on spproved strip-chart  rrulti- 
point recorders. 

The capabili ty of the dies  snd :.resses 

Impeetion of Machined Db'ensions and Surfaces - A l l  machined 
dinension w i l l  be inspected for conformance t o  applicable draving 
requirements and the machined surfaces to LAO130-004 requirements where 
applicable. 

-- 

Assurance of Clean Tooling Fixtures snd Segments - "he tooling an& 
each segplent will be adequately cleaned prior t o  the application 
of heat t o  minimize surface contamination. 

Sweillance of Thermal 0-emtibns - The hot forming and duplex 
annealing of the Y - R i n g  segments will be collducted i n  accordance 
w i t h  LAOlO2-OO3 and L A O U - 0 2 8  respectivelx *&ere applicable. 

Calibrated thermocouples w i l l  be attached t0 the part and strip-chart  
recorders will be ut i l ized  t o  assure t h a t  a l l  c r i t i c a l  time-temperature 
cyclee are met. 
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